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Accepted 14 May 2013AbstractObjective: This study aimed to investigate the risk of birth weights over 4000 g (macrosomia) in association with following the 2009 American
Institute of Medicine (AIOM) recommendations.
Materials and Methods: Seventy-six nondiabetic women who delivered a singleton, term macrosomic fetus and 82 women who delivered a
singleton, term fetus weighing <4000 g were analyzed retrospectively. The relationship between the risk of macrosomia and gestational weight
gain in different periods of pregnancy was investigated using logistic regression.
Results: The incidence of macrosomia from January 2008 to December 2009 was 1.8% among the Taiwanese women. The incidences of ce-
sarean delivery (54.5% vs. 18.2%, p < 0.001) and blood loss >1000 mL at delivery (35.5% vs. 6.1%, p < 0.0001) were associated with
macrosomia. The risk of macrosomia among normal weight women with gestational weight gain greater than 13 kg increased four-fold [odds
ratio (OR) ¼ 4.88; 95% confidence interval (CI) 1.84e12.90]. For overweight women with total gestational weight gain >11.5 kg, the risk of
macrosomia increased nine-fold (OR ¼ 9.63; 95% CI 1.76e52.74).
Conclusion: Macrosomia resulted in more cesarean deliveries and greater maternal blood loss at birth. In Taiwan, to prevent macrosomia, we
suggest that the total gestational weight gain should be <11.5 kg among normal weight women and within 10 kg for overweight women.
Copyright  2013, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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Birthweight is a very important factor for neonatal health [1].
Fetuses weighing >4000 g (macrosomia) at birth have been
reported to have greater risks of shoulder dystocia, brachial
plexus injury, hypoglycemia, hyperbilirubinemia, and still birth,
and such births are hazardous to maternal health [2e5].
Avoidance of excessive birth weight is important to enhance
obstetric outcomes. Both fetal andmaternal nutrition affect birth* Corresponding author. Department of Obstetrics and Gynecology, Shin
Kong Wu Ho Su Memorial Hospital, Number 95, Wen Chang Road, Shin Lin,
Taipei, Taiwan.
E-mail address: m002249@ms.skh.org.tw (K.-M. Seow).
1028-4559/$ - see front matter Copyright  2013, Taiwan Association of Obstetri
http://dx.doi.org/10.1016/j.tjog.2013.05.001weight. In a recent meta-analysis, Siega-Riz et al [6] provided
strong evidence supporting the associations between excessive
weight gain and increased birth weight. They found that women
who followed the recommendations of the American Institute of
Medicine (AIOM) (1990) [7] were likely to have good birth
outcomes and those who gained less than the recommended
amount of weight ran the risk of poor fetal growth [6]. However,
some authors reported that women with a high body mass index
(BMI) or obese women who followed the AIOM recommen-
dations required further evaluation [8,9]. Bracero and Byrne [9]
reported that a gain of 31e40 lb for an average BMI woman and
26e30 lb for an overweight or obese woman were associated
with optimal obstetrical outcomes, and these suggestions are
slightly greater than the AIOM recommendations.cs & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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gestationalweight gain (GWG)have been controversial. In 2009,
AIOM set new guidelines for total GWG according to prepreg-
nancy BMI [10]. The recommendations were as follows: (1)
28e40 lb for underweight women with BMI < 18.5 kg/m2; (2)
25e35 lb for women with normal BMI (18.5e24.9 kg/m2); (3)
15e25 lb for women with high BMI (25.0e29.9 kg/m2); and (4)
11e20 lb for obesewomen (BMI>30.0 kg/m2). The document’s
BMI ranges for each weight category differed slightly from the
original recommendations [11,12]. In addition to the recom-
mendations for total GWG, average rate of weight gain (RWG)
per week were included: 1 lb/wk (range, 1.0e1.3 lb/wk) for
underweight women, 1 lb/wk (range, 0.8e1.0 lb/wk) for normal
weight women, 0.6 lb/wk (range, 0.5e0.7 lb/wk) for overweight
women, and 0.5 lb/wk (range, 0.4e0.6 lb/wk) for obese women.
The new recommendations were set for enhancement of
maternal and neonatal health.
Parker and Abrams [13] indicated that following the 1990
AIOM recommendations reduced the risk of cesarean delivery
and small or large fetus for gestational date. They also sug-
gested examining the AIOM ranges in other populations
because ethnicity could affect the birth weight. In a
BMIeraceeethnicity study of birth weight, Schieve et al [8]
showed questionable benefits to black women who gained
weight within the ranges corresponding to the upper half of the
1990 AIOM recommendations. Caulfield and colleagues [14]
also showed different birth weight outcomes between black
and white women. Thus, we questioned the optimal outcomes
for Taiwanese women who followed the 2009 AIOM
recommendations.
The aim of the present study was to investigate whether or
not the 2009 AIOM recommendations were suitable for
Taiwanese women. In this retrospective study, we analyzed the
risk of giving birth to a fetus with macrosomia among women
who followed 2009 AIOM recommendations and the adverse
obstetric outcomes associated with fetal macrosomia.
Materials and methods
Medical records of women who delivered fetuses with birth
weights >4000 g after 37 weeks of gestation during January
2008eDecember 2009 in our hospital were reviewed retro-
spectively. The pregnant women with matched age, BMI, and
delivery in the same week were included as a control group.
The study was approved by the institutional review board.
Maternal age (years), gestational age (weeks), parity,
maternal body height (cm), initial body weight (kg), maternal
weight at each antenatal checkup until birth (kg), GWG (kg),
RWG in the 2nd and 3rd trimesters (kg/wk), placental weight
(g), maternal blood loss at delivery (mL), adjusted cesarean
delivery, infant birth body weight (g), infant birth body length
(cm), and Apgar scores at 1 minute and 5 minutes were
recorded. The number of newborn infants who were sent to the
neonatal intensive care unit due to asphyxia within 7 days of
delivery were also recorded. The adjusted cesarean rate was
calculated after exclusion of previous cesarean deliveries,
previous myomectomy, malpresentation, placenta previa, andwomen who asked for elective cesarean delivery without a
medical indication.
The exclusion criteria were as follows: women referred from
other hospitals without antenatal records (7 cases), those with
gestational diabetes (5 cases), those who had an abnormal oral
glucose tolerance test (50 g of glucose), and thosewho refused to
undergo further investigation (2 cases). Ninety infantswere born
weighing >4000 g. After exclusion of 14 women, 76 women
were included in the study. Similarly, eight women were
excluded and 82 women were enrolled as a control group.
The GWG was measured as the maternal weight at delivery
minus initial pregnancy (or prepregnancy) weight (kg). The
initial maternal body weight was defined as the body weight
prior to pregnancy or the weight at the first prenatal visit. BMI
was calculated as weight (kg) divided by height (m) squared
(kg/m2). BMI increase was defined as the difference between
maternal BMI at delivery and prepregnancy BMI. We defined
the 2nd trimester as the 13the28th gestational weeks and the 3rd
trimester as the 29th gestational week to birth. Investigation of
2009 AIOM recommendations was done with the range of
target weight gain by different categories of BMI. Because of
the limited numbers of underweight and obese women in the
study, we evaluated only normal weight and overweight
women following the 2009 AIOM guidelines. The reference
weight gain was set as RWG  16 weeks in the 2nd trimester
and RWG  12 weeks in the 3rd trimester.
Statistical analysis was performed using SPSS software
version 15.0 (SPSS Inc., Chicago, IL, USA). The t test was used
to compare differences between the two groups for average
gestational age, body height, initial body weight, weight at
birth, GWG, blood lost during delivery, initial BMI, and BMI at
delivery. The ManneWhitney test was used to compare dif-
ferences in age between the groups and the Chi-square test for
differences in cesarean and neonatal intensive care unit rates.
We also used the Chi-square test to analyze the percentages of
women who lost more than 1000 mL blood in the two groups
and the relationship between blood loss and cesarean delivery.
We used logistic regression to analyze the risk of macro-
somia in fetuses according to the different AIOM recom-
mendations for GWG and RWG. Results of the logistic
regression were expressed as odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs). A p value < 0.05
was considered statistically significant. We also stratified the
2nd and 3rd trimesters to investigate the relationship between
birth weight and GWG and RWG in the 2nd and 3rd trimesters,
which was not mentioned in the AIOM guidelines. All the
ORs were adjusted for age.
ResultsClinical characteristics and differences between the two
groupsTable 1 shows the clinical characteristics of the two groups,
including maternal age, gestational length, body height, initial
weight, primiparous rate, and BMI categories. Prepregnancy
body weight was not available for 15 women, so initial BMIs
Table 1







<20 0 2 (2.4)
20e25 2 (2.6) 4 (4.9)
26e30 22 (28.9) 13 (15.9)
31e35 34 (44.7) 37 (45.1)
36e40 15 (19.7) 19 (23.2)
41e45 3 (3.9) 2 (2.4)
Primiparous 48.1 51.9
Body height (cm)
150e154 7 (9.2) 4 (4.9)
155e159 15 (19.7) 20 (24.2)
160e164 30 (39.4) 35 (42.7)
165e169 18 (23.7) 15 (18.2)
170-175 5 (6.6) 9 (11.0)
>175 1 (1.3) 0
Initial body weight (kg)
<50 4 (6.5) 0
50e59 15 (24.5) 39 (47.6)
60e69 27 (44.2) 33 (40.2)
70e79 9 (14.7) 6 (7.3)
80e89 2 (3.3) 3 (3.7)
90e99 4 (6.6) 1 (1.2)
Gestational age (wk)
37 1 (1.3) 4 (4.9)
38 17 (22.4) 29 (35.4)
39 37 (48.7) 30 (36.6)
40 19 (25.0) 16 (19.5)
41 2 (2.6) 3 (3.7)
Initial BMI (kg/m2)
<18.5 3 (4.9) 2 (2.4)
18.5e24.9 36 (59.0) 59 (71.9)
25.0e29.9 16 (26.2) 20 (24.3)
>30 6 (9.8) 1 (1.2)
Data are presented as n (%).
BMI ¼ body mass index.
Table 2
Differences of clinical data between the macrosomia group and the control







Age (y) 32.42  3.86 32.73  4.64 0.51
Gestational week at
birth
39.05  0.79 38.82  0.94 0.10
Body height (cm) 161.99  5.42 162.32  5.03 0.94
Initial body weight (kg) 64.58  11.85 61.95  8.05 0.11
Body weight at birth
(kg)
80.55  12.23 74.77  7.91 <0.0001
GWG (kg) 15.60  4.82 12.58  4.01 <0.0001
GWG in 2nd and 3rd
trimesters (kg)
15.16  4.63 12.84  3.80 0.003
GWG in 2nd trimester
(kg)
9.52  3.55 7.84  2.30 0.002
GWG in 3rd trimester
(kg)
5.64  2.24 4.78  2.76 0.034
Average weight gain in 0.58  0.18 0.50  0.15 0.003
2nd and 3rd trimesters
(kg/wk)
Placenta weight (g) 894.48  149.64 721.11  160.49 <0.0001
Blood loss at birth (mL) 766.18  578.56 486.53  444.45 0.001
Initial BMI (kg/m2) 24.71  4.35 23.66  2.94 0.63
BMI at birth (kg/m2) 30.66  4.20 28.28  2.67 <0.0001
BMI increase (kg/m2) 5.96  1.76 4.81  1.53 <0.0001
Newborn





Birth body length (cm) 54.18  1.97 50.92  2.46 <0.0001
Apgar score at 1 min 8.61  0.58 8.80  0.43 0.02
Apgar score at 5 min 8.96  0.19 9.00  0.00 0.08
NICUa 9.21b 6.10b 0.44
Cesarean delivery 60.52 34.14 0.001c
(n ¼ 158) (46/76) (28/82)
Adjusted cesarean deliveryc 54.54 18.18 <0.0001b
(n ¼ 132) (36/66) (12/66)
Blood loss > 1000 mL 35.52 6.09 <0.0001b
(n ¼ 158) (27/76) (5/82)
Data are presented as mean  SD or %, unless otherwise indicated.
* A p value of <0.05 was considered significant.
BMI ¼ body mass index; GWG ¼ gestational weight gain; NICU ¼ neonatal
intensive care unit; SD ¼ standard deviation.
a Fetus was sent to NICU due to asphyxia; b Statistics was measured by
Chi-square test; c Adjusted cesarean rate was measured after excluding the
previous cesarean delivery, previous myomectomy, malpresentation, and
placenta previa, and after the women was asked for elective cesarean delivery
without medical indication.
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the time of our study, 90 of 4926 (1.82%) infants delivered
were macrosomic, and the average cesarean rate was 35.5%
(1747/4926) in our hospital.
As shown in Table 2, maternal body weight at delivery,
GWG, GWG in the 2nd and 3rd trimesters, GWG in the 2nd
trimester, GWG in the 3rd trimester, average weekly weight
gain in the 2nd and 3rd trimesters, placental weight, and blood
loss at delivery differed between the women who delivered an
infant with macrosomia and the control women who did not
( p < 0.05).
Average initial BMIs in the two groups did not differ sta-
tistically. BMI at delivery and BMI increase in the macro-
somia group were higher than those of the control group
( p < 0.0001; Table 2). In the macrosomia group, 59% of the
women had initial BMIs categorized as normal and 26.2% had
BMIs categorized as overweight (Table 1).Neonatal outcomeThe average birth weight and length of an infant in the
macrosomia group were significantly more than those of thecontrol group (4195  217.96 g vs. 3246  396.71 g and
54.18  1.97 cm vs. 50.92  2.46 cm, respectively;
p < 0.0001; Table 2). The 1-minute Apgar score was
8.61  0.58 in the macrosomia group and 8.80  0.43 in the
control group ( p ¼ 0.02). However, the 5-minute Apgar score
and neonatal intensive care unit rate between the two groups
did not differ statistically (Table 2).Cesarean rate and blood loss at birthCesarean delivery rate in the macrosomia group was greater
than that in the control group (60.5% vs. 34.1%, p ¼ 0.001).
Table 4
Odds ratios of birth weight over 4000 g by recommended GWG and RWG in
the 2nd and 3rd trimesters of AIOMa (2009) in overweight women (BMI
25e29.9 kg/m2) in the study (n ¼ 36).
n (%) OR (95% CI) p*
GWG
7 kg 2 (88.9) 2.70 (0.25e29.22) 0.41
10 kg 30 (71.4) 2.92 (0.61e13.95) 0.18
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group and 18.18% in the control group ( p < 0.0001). Average
blood loss at birth was 766.18  578.56 mL in the macro-
somia group and 486.53  444.45 mL in the control group
( p ¼ 0.001). Blood loss more than 1000 mL at birth was
35.5% in the macrosomia group and 6.1% in the control group
( p < 0.0001).11.5 kg 20 (55.6) 9.63 (1.76e52.74) 0.01
In 2nd trimesterb
3.68 kg (8 lb) 28 (77.8) 1.65 (0.12e23.15) 0.71
Delivery of macrosomic infants by normal weight
women5.12 kg (11.2 lb) 28 (44.4) 1.65 (0.12e23.25) 0.71
In 3rd trimesterc
2.76 kg (6 lb) 28 (77.8) 7.57 (0.68e84.89) 0.10
3.84 kg (8.4 lb) 24 (66.7) 14.61 (1.55e137.43) 0.02
RWG (kg/wk)
In 2nd and 3rd trimesters
0.23 30 (83.3) 1.290E þ 09 1.00
0.32 26 (72.2) 4.30 (0.36e50.74) 0.247ORs for delivery of macrosomic infants among normal
weight women (n ¼ 95) by GWG and RWG are shown in
Table 3. The OR for delivery of a macrosomic infant by a
normal weight women with total pregnancy weight gain over
13 kg was 4.88.In 2nd trimester
0.23 40 (95.1) 1.00 1.00Delivery of macrosomic infants by overweight women
0.32 28 (77.8) 1.65 (0.12e23.15) 0.71
In 3rd trimester
0.23 29 (80.6) 5.29 (0.49e56.72) 0.17
0.32 25 (69.4) 12.98 (1.30e129.50) 0.03
* A p value of <0.05 was considered statistically significant.
AIOM ¼ American Institute of Medicine BMI ¼ body mass index;
CI ¼ confidence interval; GWG ¼ gestational weight gain; OR ¼ odds ratioORs for delivery of macrosomic infants among overweight
women (n ¼ 36) by GWG and RWG are shown in Table 4.
The OR of macrosomia in overweight women with GWG over
11.5 kg was 9.63 (95% CI 1.76e52.74). After stratifying the
data into 2nd and 3rd trimesters, the OR of macrosomia forTable 3
Odds ratios of birth weight over 4000 g described by recommended GWG and
RWG in the 2nd and 3rd trimesters of AIOMa (2009) in normal weight women
(BMI 18.5e24.9 kg/m2) in the study (n ¼ 95).
n (%) OR (95% CI) p*
GWG
11.5 kg (25 lb) 71 (74.7) 2.95 (0.99e8.78) 0.05
13 kg (28 lb) 56 (58.9) 4.88 (1.84e12.90) 0.001
16 kg (35 lb) 34 (35.8) 3.34 (1.35e8.27) 0.009
In 2nd trimesterb
5.76 kg (12.8 lb) 80 (84.2) 2.15 (0.42e11.08) 0.360
7.26 kg (16 lb) 59 (62.1) 2.59 (0.96e6.99) 0.06
In 3rd trimesterc
4.32 kg (9.6 lb) 60 (63.2) 2.34 (0.94e5.85) 0.07
5.45 kg (12 lb) 42 (44.2) 1.73 (0.75e4.00) 0.20
RWG (kg/wk)
In 2nd and 3rd trimesters
0.36 77 (81.1) 2.37 (0.46e12.21) 0.30
0.45 64 (67.4) 3.70 (1.13e12.19) 0.03
In 2nd trimester
0.36 80 (84.2) 2.15 (0.42e11.08) 0.36
0.45 71 (74.7) 1.23 (0.41e3.68) 0.71
In 3rd trimester
0.36 69 (72.6) 1.66 (0.60e4.55) 0.33
0.45 30 (52.6) 1.56 (0.66e3.65) 0.31
* A p value of <0.05 was considered statistically significant.
AIOM ¼ American Institute of Medicine; BMI ¼ body mass index;
CI ¼ confidence interval; GWG ¼ gestational weight gain; OR ¼ odds ratio
adjusted with age; RWG ¼ rate of weight gain.
a In normal-weight women, AIOM recommended that in the 2nd and 3rd
trimesters, the target weight gain was from 25 to 35 lb (from 11.5 to 16 kg) and
the rate of weight gain was 0.8e1 lb (0.36e0.45 kg) per week; b Reference
weight was obtained by multiplying RWG by 16 weeks (for example:
0.36  16 ¼ 5.76); c Reference weight was obtained by multiplying RWG by
12 weeks (for example: 0.36  12 ¼ 4.32).
adjusted with age; RWG ¼ rate of weight gain.
a In overweight women, AIOM (2009) recommended that in the 2nd and 3rd
trimesters, the target weight gain was from 15 to 25 lb (from 7 to 11.5 kg) and
the rate of weight gain was 0.5e0.7 lb (0.23e0.32 kg) per week; b Reference
weight was obtained by multiplying RWG by 16 weeks (for example:
0.23  16 ¼ 3.68); c Reference weight was obtained by multiplying RWG by
12 weeks (for example: 0.23  12 ¼ 2.76).GWG  3.84 kg in the 3rd trimester for overweight women
was 14.61 (95% CI 1.55e137.43).
DiscussionIncidence of macrosomia and related obstetrical
outcomesThe rate of macrosomia in our study was 1.8%, which was
less than the rate of 3.1% reported by Nielsen et al [15] and
9.1% reported in a Scottish study [16]. Although exclusion of
diabetic pregnancy in our study could be a reason for the
difference, the average weight of normal size infants was
3246 g, which was less than that reported in an Icelandic study
(3778 g) [17]. Birth weights among African Americans,
Latinos, Chinese, and white Caucasians were found to differ
[18]. Our results also showed that ethnic origin was indeed a
factor affecting fetal growth [15e18].
In the present study, the incidences of cesarean delivery
(excluding prior uterine surgery) and heavy blood loss
(>1000 mL) were higher in the group of women who deliv-
ered macrosomic infants than among control women. This
result is consistent with previous reports of poorer obstetric
outcomes among women delivering macrosomic infants [2,3].
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associated with improper fetal size and adverse pregnancy
outcomes [4,13,16,19e22]. In order to enhance maternal
health and avoid unnecessary operations, it is very important
to achieve appropriate fetal weights. In the present study, a
total weight gain of over 11.5 kg in normal weight and 10 kg
in overweight pregnant women still had some risk for mac-
rosomia. Furthermore, target GWG should be achieved
smoothly without much fluctuation in the overweight women.
Even if an appropriate target GWG is reached, an increased
risk of macrosomia still exists if the weight gain in the 3rd
trimester is too quick or too much.AIOM guidelines (2009) and risk of delivering a
macrosomic infant among normal weight womenOur data suggest that the target GWG recommended by
2009 AIOM can be adjusted for Taiwanese women because
even though some women were within the recommended
AIOM target range (11.5e16 kg), risk for macrosomia
increased four-fold (OR 4.88; Table 3). We suggest that a
GWG of <11.5 kg will reduce the risk of delivering a mac-
rosomic infant. Moreover, the upper range of RWG in the 2nd
and 3rd trimesters (0.45 kg or 1 lb per week) recommended by
the AIOM for normal weight women still resulted in a 3.7-fold
increased risk of delivering a macrosomic fetus. Interestingly,
we observed that the risk of macrosomia among the women
only in the upper range of the 2nd trimester or that of the 3rd
trimester guidelines was not increased. This may be due to by
the effect of GWG on birth weight having to be observed for a
longer period of time. It might also suggest that tight weight
control in a short-term period of pregnancy is not enough to
prevent fetal macrosomia. Our results showed that better
outcomes were obtained with a constant RWG over the course
of the whole pregnancy.AIOM guidelines (2009) and risk of delivering a
macrosomic infant among overweight womenOverweight women at the upper range of the GWG AIOM
guideline (11.5 kg) had a nine-fold increased risk of delivering
an infant with macrosomia. Women who were overweight at
the start of their pregnancies should follow the lower range of
AIOM recommendations for GWG. Moreover, our data
showed that in the 3rd trimester of pregnancy alone, women
following the upper range of GWG (3.84 kg; OR ¼ 14.61,
95% CI 1.55e137.43) and RWG (0.32 kg/wk; OR ¼ 12.98,
95% CI 1.30e129.50) recommendations still had a greater
than 12-fold increased risk of delivering an infant with mac-
rosomia. This should remind clinicians to advise their preg-
nant patients to avoid excessive weight gain in the later part of
pregnancy.
Conclusions
Delivery of macrosomic infants was associated with higher
cesarean rates and greater maternal blood loss. To prevent fetalmacrosomia in normal weight Taiwanese pregnant women, the
total weight gain in pregnancy should be <11.5 kg, instead of
16 kg as suggested by the 2009 AIOM guidelines. In over-
weight pregnant women, the total weight gain should be
<10 kg (instead of 11.5 kg as suggested by the AIOM
guideline) to prevent infant birth weights >4000 g.References
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